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An experimental investigation was conducted to determine the longitudinal
aerodynamic characteristics of an arrow wing with threec body shepes: a parabolic
body of revolution, a Sears-Haack bedy, and a von Kérman ogive body. Both sym-
metrically mounted circular-section bodies and bottom-mounted semicircular-section
bodies were tested. The tests were conducted at a Mach number of 3.0 and at a

Reynolds number, based on the wing reference chord, of 2.6 X 10°, Angle of attack
was varied from -4° to 11°.

The results indicated that for each body shape, changing from a circular-
section body to a bottom-mounted semicircular-section body provided substantial
positive increments in lift and pitching-moment coefficients. In addition, the
values of maximum lift-drag ratio were increased approximately 5, 3, and 6 per-
cent above those obtained with the symmetrically mounted bodies for the parabolic,
Sears-Haack, and von Karmén bodies, respectively. The changes in cross-sectional-
area development of the three semicircular body-wing combinations had little
effect on the longitidinal aerodynamic characteristics,

INTRODUCTION

A continuing effort is being made by the National Aeronautics and Space
Administration to develop efficient configurations for aircraft operating at
supersonic speeds. From consideration of momentum theory and experiments,
Eggers and Syvertson (ref. 1) have shown that flat-top wing-body combinations
designed for Mach number 5.0 in which half-cone bodies are used may provide
relatively high lift-drag ratios. Similar investigetions were conducted
(refs. 2 and 3) in which half-bodies of revolution that were designed for
minioum wave drag at a Mach number of 5.0 were used, and these investigations
also showed promise of efficient performance for this type of vehicle.

*ritle, Unclassified.
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The present investlgdﬁion hds been unaertaKEn ht the Langley Unitary Plan
wind tunnel to determine the aerodynamic characteristics of several flat-top
wing-body configurations having three different body shaves designed for minimum
wave drag at a Mach number of 3.0. The body shapes investigated were a parabolic
body of revolution, a Sears-Haack body, and a von Karmén ogive body. The tests
were conducted with both symmetrically mounted circular-section bodies and bottom-
mounted semicircular-section bodies. The wing used in the investigation had an
arrow planform that was determined from consideration of the flow fields gener-
ated by the bodies. The tests were conducted at a Mach number of 3.0 and at a
Reynolds number, based on the wing reference chord, of 2.6 X 106. Angle of attack
was varied from -4° to 11°.

SYMBOLS

The force- and moment-coefficient data are presented about the system of sta-
bility axes. The reference centers and reference planes are shown in figure 1.

c wing reference chord, 10.625 in.

Cp wing root chord, 21.25 in.

Cp drag coefficient, Drag/qS

CL, 1ift coefficient, Lift/gS

Cn pitching-moment coefficient, Pitching moment/qSc
L/D lift-drag ratio

M Mach number

q free-stream dynamic pressure, 1b/sq in.

r radius of half-bodies, in.

ry radius of symmetrical bodies, in.

S total wing planform area, 318.816 sq in.

x distance parallel to wing center line, in.
a angle of attack of reference plane, deg

-
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' MODELS AND APPARATUS e

Design Considerations

The bodies of revolution chosen were a parabolic body, a Sears-Hasack body,
and & von Kirmin ogive body. The bodies were designed for minimum wave drag at
a Mach number of 3.0 according to the criteria of reference 4.

The wing planform was designed with the apex coinciding with the nose of the
body. The leading edge was swept so that it was sonic or slightly supersonic at
M = 3.0. Furthermore, the remalning part of the wing was designed to have a prac-
tical span and to encompass only positive pressure coefficients generated by the
body. Consideraticn of these criteria resulted in the selection of an arrow plan-
form wing with a ratio of root chord to body length of O.T4. Properties of the
flow fields generated by the bodies were computed by the method of characteris-
tics using a 1/4° net.

Models and Instrumentation

Details of the arrow wing with bodies of circular and semicircular sec-
tions are shown in figure 1. The geometric characteristics of the models are
as follows:

Tamr r&tio ¢ o e " & o © o @ 8 = o

Sweepback of leading edge, deg . Gt e e e e e e e e e e e e 65.5

Bodies:
Tength, IN. &« & & ¢ 4 ¢ ¢ ¢ ¢ o s ¢ o o e o o o o o o« o o o o s o o = 28.75
Base area, 8 IN. . ¢ 4 4 4 ¢ 4 4 s 4 e 4 e s s s 4 s e e s s . e e 12,00
Wing:
Area, sq in. © e s s s s e e e s e e e s e e e s as e e eeea.e. 318.816
Sp&n,in- @ & e & ¢ 5 4+ e 6 6 e +» & S 8 * 6 T * e " & & » 8 & & B 50-00
Root chord, dn. . . ¢ ¢ ¢ ¢ ¢ ¢ ¢ o v ¢ o o & & c s s e v e s e » 21.25
Aspect ratio . . . . . . . . . . 2.82
® @ & 6 & s o ° 2 & & * e o o 0
Sweepback of trailing edge, deg . © e & 8 o o o e o s s s e s e e 37.9
Total length in streamwise direction, wing apex to wing tip, in. .o 32.91
Mean aerodynamic chord, iR. & « « ¢ « « o« o o s « o o « o o o o o » & 14.17
Mean-aerodynamic-chord location, in.:
Lateral distance from body center 1ine . . o + ¢ ¢ ¢ v 4 ¢ o ¢ o o 2.49
Longitudinal distance from 8Pe€X « o « + o ¢ ¢ ¢ « o o o o o o o o o 5.52
Noteh ratio, Root chord/Total length Of wing . « v o « o o « o « & o+ & 0.65

Ordinates for the bodies are given in table I. The wing had a 2.5-percent-thick
diamond-shaped streamwise thickness distribution with the maximum thickness at
the 50-percent-chord line.

Forces and moments on the model were measured with an internally mounted
six-component strain-gage balance. The balance was attached by means of & sting
to the tunnel support system. Provision was made to measure the base presgsure
acting on the bodies,
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The tests were conducted in the high Mach number test section of the Langley
Unitary Plan wind tunnel, which is a variable-pressure, continuous-flow tunnel.
The test section is 4 feet square and approximately 7 feet long. An asymmetric
sliding-block-type nozzle allows continuous variation of Mach numbers from about
2.% to 4.7.

TEST CONDITIONS

The tests were conducted at a Mach number of 3.0, a stagnation pressure of
23.5 pounds per square inch absolute, and a stagnation temperature of 150° F. The
resulting Reynolds number, baced on the wing reference chord, was 2.6 X 106. The
dewpoint, measured at stagnation conditions, was maintained below -30° F to assure
negligible condensation effects. Angle of attack was varied from -4° to 11°.

Transition was fixed for all tests. The transition strips consisted of
1/8-inch-wide bands of No. 60 carborunium grains that were sparsely applied at
5 percent of the local streamwise chord.

CORREC1IONS AND ACCURACY

The maximum deviation of the local Mach number is *0.015 from the average
value given. Pressure gradients are sufficiently small; hence, no buoyancy cor-
rection 1s required.

Angular deviation of the airflow in the test section was evaluated by com-
paring the difference between the normal-force coefficients for tests with the
model inverted and those for tests with the model upright. The angles of attack
vere adjusted to eliminate these differences. Corrections for balance-sting
deflection due to aerodynamic loads has also been made to the angles of attack.

The data have been adjusted to the condition of free-stream static pressure
on the base of the bodies.

Based upon balance accuracy and repeatability of data, it 1s estimated that
the data are accurate within the following limits:

CL ® & s ¢ & & s & 2 ¢ ° ¢ S » e o *« e o e ® s o to.mz
CD ¢« o ® & 8 & o 9 & & & e e 2 & e » & € o & 5 o io.ms

% s & & ¢ @ ° o ¢« &+ 8 o s e ® o+ e ® * o ° s o io.m5
G, deg e & ® 9 2 ° 9 s B & & s O & o+ ¢ 8 T e 0 0 i0!1-

RESULTS AND DISCUSSION

The aerodynamic characteristics of the arrow wing with the three bodies of
circular and semicircular sections are presented in figures 2 to 4. Figure 2 is
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for the parabolic body of revolution, figure 3 for the SedrS-Haack body, and fig-
ure 4 for the von Kdrmén ogive body. A comparison of the aerodynamic character-
istics of the three body-wing configuraticns is presented in figure 5. These
figures show that the 1ift and pitching-moment variations for all configuraticns
are similar and are reasonably linear. However, for each configuration, changing
from a symmetrically mounted circular-section body to a bottom-mounted
‘semicircular-section body resulted in a substantial positive increment in 1lift
coefficient as well as a positive increment in pitching-mownent coefficient. In
addition, as a result of the positive shift in 1lift, the drag due to 1lift was
reduced and the maximum values of lift-drag ratio lncreased for the bottom-
mounted body arrangement. The increases in maximum lift-drag ratio were approx-
imately 5, 3, and 6 percent above those obtained with the symmetrically mounted
bodies for the parabolic, Sears-Haack, and von K&rmdn bodies, respectively.

o=

A comparison of the aerodynamic characteristics in pitch of the three semi-
circular body-wing model combinations (fig. 5) indicates little effect of small
changes in cross-sectional-area development on the stability and performance
characteristics of these models at a Mach number of 3.0.

Langley Research Center,
Nationel Aeronautics and Space Administration,
Langley Station, Hampton, Va., April 4, 1963%.
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- BODY DESIGN COORDINATES

TABLE I.
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—— 32.91

re———21.25(root chord)—————*—\\\\\ R

Reference center(0.625 cp)

a reference

28.75

(b) Semicircular body (typical).

Figure 1.- Concluded.
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Figure 2.- Aerodynamic charccteristics of an arrow wing with parabolic bodies of circular and
semicircular sections.
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